Supplementary Text 1
Satellite-derived AOD of MERRA2 was mainly obtained from AVHRR data till 1999 after which MODIS and MISR is being utilized with ground-based observations from AERONET which has enhanced the quality of MERRA-2 AOD data. As a result, AOD datasets were expected to be completely of different magnitude before after the year 1999. But, fortunately it was also observed from Randle et al. (2017) that a prominent overlapping is observed between AOD datasets before and after 1999 globally between June -October. Since, the present study is also focussed during the month of July-August, hence they have reanalysed the aerosol monthly mean AODs in two clusters of before and after year 1999 respectively. An in-depth statistical analysis of the cluster means have been depicted in Table S3 which reveal that in most of the cases the cluster mean difference is very small compared to the net variance in the data. Even in case of BC and OC the net rise in mean AOD after 1999 was hardly 60% of the total standard deviation (while it should have been at least >= 150% to be considered significant). This implies the fact that mean AOD values did not undergo a massive scale change in magnitude after 1999; hence it will not exert any significant impact on the aerosol clustering analysis presented in the manuscript.
Supplementary Text 2
The last 20 years data has been utilized for this analysis (as aerosol datasets after 1999 are considered more reliable than the first half) and in these case they have taken two equal clusters of SDP' and LDP'. The boxplot analysis results for Region 1a,is depicted in Table  S4 . The BC and OC AOT values depict an increase with very less overlapping. But in the case of Sulphates, despite having larger magnitudes of AOD and showing an increase in mean and median AOD values, it shows a huge overlapping which makes the significance of the cluster separation negligible. To prove that the net increase in Sulphate AOD is negligible with respect to BC, the cluster means of SDP' and LDP' are calculated and the net increase is obtained from their difference. Next the total deviation in the values is calculated and the ratio between the cluster mean increment and the standard deviation (std) are examined. In case of BC the actual growth in cluster mean is ~ 1.45 times of the std while in sulphate it is ~0.5. This implies that though sulphate values show much higher absolute change in LDP but its affect is completely overpowered by the variance or uncertainness in the cluster; but on the other hand, the increase in AOT of BC component is seen with marginal overlapping. This to an extent explains how the sulphate AOD median value increase cannot influence DDF as strong as in the case of BC. Figure S1 . Estimation of the optimum threshold for DDF selection using dry day exclusion method Figure S12 . Possible mechanism behind the extension of drying phases in Lucknow and region 3 during the mid-monsoon period.
